In mammals there are a few circumstances in which axotomised ganglion cell axons can regenerate. For instance, in vitro explants of retina can be encouraged to regenerate axons into appropriate culture media.1 Similarly, axotomised ganglion cells can regenerate into a peripheral nerve graft surgically connected to the optic nerve head,2 and during early development axons are able to regenerate across the retina to re-enter the optic nerve. 3 This is certainly encouraging, but we are a long way from applying these observations to clinical practice. We need to know whether regenerating axons also retain a functional capacity for navigation. We must ask whether a regenerated projection is likely to be topographic rather than disordered. In this brief review we will look at some selected models of ganglion cell regeneration in order to examine this question of navigation in more detail. This is an important issue: the capacity to re-establish appropriate rather than random connections after ganglion cell regeneration would most likely be necessary for any meaningful return of visual function.
Growth cones are normally repelled by myelin proteins associated with oligodendrocytes4 and thus at early stages (prior to myelination) this inhibitory influence can largely be discounted.l1,12 Similarly, astrocytes in the mature eNS react to injury by creating a glial scar, which acts a physical barrier and may further produce other inhibitory molecules (for example, chondroitin sulphate) which may further impede regeneration: this glial reaction is much less marked early in development. 13, 14 Moreover, developmentally regulated growth factors or neurotrophins may also be in abundance at early stages, both within the retina and at tectal targets, to sustain and encourage regeneration of lesioned axons. [15] [16] [17] In theory, therefore, the eNS environment in the immature mammal is more conducive for regeneration than in the adult, and navigational interactions are already taking place to guide axons during development. This is thus a most favourable model in which to look for navigation during regeneration.
The retinofugal pathway develops prenatally in rodents, making regeneration studies technically difficult to perform. The opossum, however, is a mammal in which the retinofugal pathway develops after birth (in a pouch rather than a uterus ). 18 In the Monodelphis opossum, we previously demonstrated that ganglion cells regenerate across a surgical transection of the nerve fibre layer made up to the twelfth postnatal day (P12). 19 By using tritiated thymidine labelling to birthdate ganglion cells, we can deduce which axons are lesioned at the time of surgery and therefore differentiate the regenerating axons from those that are growing out 'de novo' as part of the normal process of development. After This molecule shows properties of growth cone repulSion (as discussed above, it is also expressed by proliferating astrocytes around sites of adult eNS injury).13,24 The retina is slightly different from the eNS, however, in that there are few astrocytes and injury does not result in a significant re-expression of chondroitin sulphate.14 This may partly explain why regenerating axons can also Flat-mounted retina of a postnatal day 11 (P11) opossum fixed in 4% paraformaldehyde. The lesion was made at P7, allowing for 4 days for regeneration. (A) Axons (labelled with Oil tracer) can be seen emerging from the lesioned segment of retina to the right of the picture. On traversing the substance of the lesion (dashed line) regrowing axons have a disordered pattern of growth (small arrow). Having emerged from the central aspect of the lesion, directed regrowth is re-established, with axons seen oriented towards the optic disc (large arrow). (B) At higher magnification, growth cones can be seen on these regrowing axons. Intraretinal axon guidance is therefore temporarily disrupted by the retinal scar, although on either side of the lesion the interaction with regenerating axons appears similar to that of normal deClelopment. In other similar experiments on lesioned adult retinae, axonal sprouting is totally random, suggesting that these intraretinal mechanisms of axon guidance do not operate at all on ganglion cells regenerating across a lIlature retina. grow directly through a retinal lesion, although the disordered growth observed at this point does suggest that the normal developmentally regulated signalling gradient is temporarily impaired (Fig. lA) . Beyond the lesion, however, axon growth is again centripetal and all growth cones become reoriented towards the optic disc ( The presence of dense labelling beyond the retinal lesion suggests that chiasmatic navigation has been successful in addition to growth across scar tissue (dashed line). Axons are seen directed towards the optic disc (arrow). Double labelling experiments have confirmed that in the opossum about 40% of the normal projection is able to regenerate and successfully navigate into the ipsilateral optic tract when lesioned at PS. Scale bar represents 200 fLm. 
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'--- Similarly the lesioned and degenerating ipsilateral pathway might leave a favourable physical 'channel' for regeneration. To investigate the question of targeting in more detail, we also employed anterograde labelling studies in order to trace precisely the path of axons regrowing from the lesioned temporal retina (Fig. 3A) .
These experiments revealed that the proportion of regrowing axons destined for the ipsilateral tract actually branch off from the main body of the optic nerve before This suggests regeneration into the ipsilateral optic tract is indeed dependent upon retinal location (Fig. 38) Schematic diagram illustrating the main tenance of retinal topography along a peripheral nerve graft connected to the lesioned optic nerve head in an adult rodent. 9 Without any active mechanisms of axon guidance, axons will be passively conducted along the graft, maintaining the basic topography of the optic nerve head. The normal intermingling of axons seen in the developing optic nerve is absent. The basic optic nerve head topography will thus be projected to any given point along the graft. Rotation of the peripheral nerve graft will therefore result in the emergence of a rotated, but nevertheless retinotopic, visual field on the optic tectum. With a 90° anticlockwise rotation and appropriate positioning of an ipsilateral graft, the regenerated retinotopic map could fortuitously (but almost precisely) match the original map, although within a reduced terminal field. This precise mapping could never occur with a graft connected to the contralateral tectum: in this case a mirror reversal would also be required. The presence of a mirror reversal would imply an active reordering of the regenerating projection emerging from the graft and would therefore provide the strongest evidence of regeneration specificity. N, T, D, V: normal mapping of nasal, temporal, dorsal and ventral retinal quadrants to the superior colliculus. grafts to the ipsilateral tectum is fortuitous, since a precise map could never occur without an active reordering following regeneration to the contralateral tectum. In the latter case a 'mirror reversal , 54 would also be required in addition to 900 rotation (Fig. 4) . This would indeed be firm evidence of regeneration specificity.
Conclusions
In amphibians, regenerating ganglion cells are able to navigate specifically to tectal targets and reform a precise 
